Background and Purpose-Cerebral white matter hyperintensities (WMHs) are believed to be the consequence of small vessel disease, and it is uncertain whether their extent predicts the risk of dementia in patients with vascular disease history. Method-Brain MRI was performed in 226 participants of the PROGRESS study. WMH severity was assessed using a visual rating scale. During follow-up, patients were classified for incident severe cognitive deterioration (including dementia) using standard criteria. Results-Over 4-year follow-up, the incidence of severe cognitive deterioration ranged from 1.1 to 9.1 per 100
P atients with stroke are at increased risk of dementia with an occurrence rising from 7% 1 year after stroke to 48% after 25 years. 1 Apart from age, risk factors for dementia in stroke patients are not well established. 1, 2 In elderly subjects without stroke, white matter hyperintensities (WMHs) are frequently seen on cerebral MRI and associated with increased risks of dementia or cognitive decline. 3 As well as WMHs being frequently observed in patients with stroke, it is suggested they are more severe in this context than in subjects without stroke. 4 Moreover, it is uncertain whether WMHs are involved in the causal pathway leading to dementia in stroke patients, despite the evidences that small-vessel disease is associated with vascular dementia. 5 In the present study, we assessed the predictive value of WMHs in relation to the risk of dementia or severe cognitive decline in patients with a history of stroke or transient ischemic attack (TIA).
Methods
Patients were participants of the Perindopril Protection Against Recurrent Stroke Study (PROGRESS). 6 Briefly, 6105 participants with a history stroke or TIA within the previous 5 years were recruited in 10 countries, between 1995 and 1997. Patients were randomly assigned, in a double-blind manner, to continued active treatment or matching placebo. Active treatment comprised a flexible regimen based on perindopril (4 mg daily), with the addition of indapamide (2.5 mg daily; or 2 mg daily in Japan). The rationale for the use of combination therapy (perindopril and indapamide or double placebo) rather than single drug therapy (perindopril or single placebo), wherever possible, was to maximize the fall in blood pressure. Treatment and follow-up continued for an average of 3.9 years.
A MRI substudy was initiated in several French collaborating centers in 1995, the details of which have been described. 7 The St Antoine ethical committee approved the study, and all patients provided written informed consent. In 10 eligible centers that agreed to participate, 322 patients were randomized, among whom 226 had interpretable MRI within 6 months of randomization. Randomized patients who did not participate (nϭ96) were older and more often women compared to those who participated (data not shown).
Baseline cerebral MRI was performed using 1.0 or 1.5 Tesla scanners according to standardized procedures. 7 A single trained neuroradiologist assessed all the T2/PD weighted images blinded to clinical data. WMHs were rated using the Scheltens' scale 8 which provided a 4-categories grade: A, "no lesion"; B "mild"; C "moderate"; D "severe."
At each study wave, cognitive function was assessed using Mini-Mental State Examination (MMSE). During follow-up, a 2-phase screening process was used for the diagnosis of dementia. 6 Participants were screened positive for "possible dementia" based on MMSE score evolution and investigator's judgment. 6 Information gathered on each screen-positive case was reviewed by a Dementia Adjudication Committee, which categorized participants based on the DSM-IV criteria. 9
Statistical Analysis
The outcome was the occurrence of dementia or severe cognitive decline (drop of at least 3 points between baseline and last recorded MMSE scores) during follow-up. Between groups differences were analyzed with 2 tests or analysis of variance for categorical and continuous variables, respectively. We investigated the effect of WMH severity on dementia or severe cognitive decline risk using logistic regression, adjusted for age, sex, and education level (Model A). In a second step, further adjustments for baseline high blood pressure (systolic BP Ն160 or diastolic BP Ն95), physical impairment (using Barthel index), antihypertensive drug intake before randomization, baseline MMSE score, and treatment allocation were performed (Model B).
Results
Higher age, lower baseline MMSE score, and use of antihypertensive treatment before randomization were significantly associated with increased WMHs severity ( Table 1) . During follow-up, 24 subjects became demented or developed severe cognitive decline, 3 of whom also had a recurrent stroke during follow-up. Increasing age, lower education, and lower baseline MMSE were associated with significantly higher rate of dementia or cognitive decline (Table 2) .
In multivariable analysis (Table 3) , dementia risk over 4-year follow-up was 7.7 times higher (95% CIϭ2.1 to 28.6) in subjects with severe WMHs compared to those without WMHs at enrolment. After excluding subjects who had a recurrent stroke during follow-up (nϭ25), the adjusted dementia risk was 11.9 times higher in subjects with severe WMHs at baseline (PϽ0.001) compared to subjects without WMHs. No such association was observed between baseline WMHs severity and risk of recurrent stroke during follow-up.
Finally, from the subsample of patients with baseline severe WMHs who had a 4-year follow-up MRI (nϭ28), those who had an increase in WMHs load over time (nϭ12) had an increased risk of severe cognitive decline (ORϭ9.9, 95% CIϭ1.3 to 75.3).
Discussion
In this study, severe WMHs at baseline brain MRI are an independent predictor of severe cognitive decline over 4-year follow-up. In addition, among subjects with severe baseline WMH load, it is in those whose WMHs load has worsened over time that dementia risk is significantly increased. Our data suggest that WMH load worsening precipitates the onset of dementia. The fact that only 3 of the incident severe cognitive decline cases followed a recurrent stroke reinforces the assumption of a strong implication of WMHs in the occurrence of dementia. This study has limitations because of the sample size as well as the absence of measures of silent infarcts or brain atrophy or stroke location, which could influence the relationship between WMH load and dementia. Compared to population-based studies, baseline WMH prevalence and dementia incidence were lower in our sample. This can be partly explained by the younger age of participants and the "healthy effect" selection at enrollment. In addition, our sample included patients with stroke or TIA, and both dementia incidence and WMH load are lower in TIA patients.
Clinically, it is important to know who is at greater risk of dementia among those who survive a stroke. Our findings show that patients with severe WMH load are at high risk of developing dementia, and we can hypothesize that dementia onset is linked to the initial severity or the worsening of WMH load.
Our findings underline that cerebral small vessels disease should have a bearing on how clinicians choose the most appropriate therapeutic approach. In a previous study, we showed that WMH load worsening was reduced by blood pressure lowering in patients with cerebrovascular disease. 7 The hypothesis that "reducing WMH load worsening by blood pressure lowering after stroke would decrease the risk of cognitive decline and dementia" needs to be tested in larger randomized controlled trials. *RR (1)ϭRelative risk estimated from logistic regression adjusting for age, gender, schooling years. †RR (2)ϭRelative risk estimated from logistic regression adjusting for age, gender, schooling years, baseline MMSE score, baseline Barthel Index, high blood pressure, and antihypertensive drug intake before randomization, and treatment allocation (active vs placebo).
